The temporal niche has received less attention than the spatial niche in ecological research on free-ranging animals. Most studies that have examined the effect of season on the diel activity patterns of small mammals have been conducted in temperate climates where daily temperatures and day length are important predictors of activity. Extremely seasonal rainfall in northern Australia possibly exerts a strong influence on mammalian activity due to the influx of food resources. Using camera traps set over a 3-year period, we documented the diel activity patterns of 5 species of small mammals co-occurring on Groote Eylandt, in the wet-dry tropics of northern Australia. All species were strictly nocturnal but some responded differently to the effect of season. The northern quoll (Dasyurus hallucatus) displayed a bimodal activity pattern that did not differ between the seasons. The northern brown bandicoot (Isoodon macrourus) displayed bimodal activity in the wet season and unimodal activity in the dry. The more sustained activity of I. macrourus in the dry season may be the result of this species utilizing more cellulose-rich food in times of lower insect abundance, whereas D. hallucatus possibly exhibits lower dietary plasticity. The northern hopping-mouse (Notomys aquilo) was consistently active throughout the night in both seasons. Conversely, the delicate mouse (Pseudomys delicatulus) showed great plasticity in its nocturnal activity which altered significantly depending on both season and habitat. The disparity in activity pattern between these 2 rodents possibly reflects differences in predation risks. The grassland melomys (Melomys burtoni) was recorded only during the dry season in coastal grassland habitat, when its activity peaked sharply after nightfall. Our study highlights the interspecific variation in small mammal activity between the wet and dry seasons in northern Australia, which may be explained by differences in diet, habitat use, and predation risk in these species.
The ecological niche of an animal encompasses patterns of activity on both spatial and temporal scales (Halle and Stenseth 2000) . These patterns are broadly shaped by behavioral modifications that maximize net energetic gains and reproductive output, while minimizing predation risks (Lima and Dill 1990) . Temporal activity patterns are strongly influenced by the 24-h oscillation between night and day, and most small mammals assign their activity to 1 of these 2 states of illumination, or to the twilight period between them (Halle and Stenseth 2000) . Specific patterns of activity during the diel (daily) rotation are highly variable between small mammal species (Roll et al. 2006) and sometimes between populations of the same species (Sale and Arnould 2009). Fundamental influences on these patterns occur on evolutionary, inter-, and intragenerational time scales and include climate (Roll et al. 2006) , food availability (Lockard 1978; Halle 2006; Kronfeld-Schor and Dayan 2008) , and predator activity (Lima and Dill 1990; Sale and Arnould 2009; Castillo-Ruiz et al. 2012; Monterroso et al. 2013) . Although some species display great plasticity in temporal activity, this is usually constrained by evolutionary factors DIETE ET AL.-ACTIVITY PATTERNS OF AUSTRALIAN SMALL MAMMALS 849 such as the anatomy and physiology of the ocular and aural senses (Halle and Stenseth 2000; Roll et al. 2006; Gerkema et al. 2013) .
Theoretically, temporal partitioning of activity should play a role in facilitating the coexistence of competing species (Schoener 1974) . This has been demonstrated in manipulative experiments on captive small mammals (Ziv et al. 1993) , but is observed more rarely in the natural environment than might be expected (Schoener 1974; Kronfeld-Schor and Dayan 2003) . Kotler et al. (1993) demonstrated the differential use of resource patches by sympatric and competing gerbil species, resulting in their temporal partitioning. Similarly, Castro-Arellano and Lacher (2009) observed temporal segregation between the activities of tropical rodents in species-rich assemblages. Schoener (1974) proposed that spatial and food resource segregation is more likely to occur before temporal segregation as a mechanism of coexistence, which possibly explains the relative rarity of observed temporal partitioning in free-ranging animals. Regardless, to validate competition as a driver of temporal partitioning of activity, the temporal depletion of food resources must be demonstrated .
Most studies on the effect of season on activity patterns of small mammals have been conducted in the laboratory by manipulating the daily photoperiod (Halle and Stenseth 2000; Kronfeld-Schor and Dayan 2008) . However, plasticity in the diel activity patterns of free-ranging small mammals has been demonstrated under differing seasonal influences. Mediterranean voles (Microtus cabrerae and Arvicola sapidus) can switch from unimodal, diurnal patterns of activity during the wet season to more bimodal, crepuscular activity during the dry (Pita et al. 2011) . These seasonal differences were attributed primarily to thermoregulatory constraints, with individuals avoiding high daytime temperatures in the dry season (Pita et al. 2011) . Other in situ studies have documented species such as the pygmy rabbit (Brachylagus idahoensis-Larrucea and Brussard 2009) and long-nosed mouse (Oxymycterus nasutus-Paise and Vieira 2006) altering their timing of activity to correspond with changing photoperiod throughout the year.
Precipitation in the wet-dry tropics of northern Australia is profoundly demarcated and stimulates rapid plant growth at the onset of the annual wet season (Dunlop and Webb 1991) . In turn, rainfall and the subsequent production of vegetation promote increased insect abundance and biomass which peak in the wettest months (Frith and Frith 1985) . Conversely, widespread synchronous rains can empty the landscape of food for specialist granivores as seed banks rapidly germinate (Crowley and Garnett 1999; Woinarski et al. 2005) . The responses of vertebrates to this system of annually fluctuating food resource density are complex but may include changes in habitat use, diet, and activity (Woinarski et al. 2005) . For example, the northern brown bandicoot (Isoodon macrourus) has the ability to maintain energy intake in periods of reduced food availability by shifting both the composition and the volume of its diet (Gott 1996; McClelland et al. 1999) . Similarly, the northern quoll (Dasyurus hallucatus) can adjust the proportion of invertebrates, vertebrates, and fruit in the diet depending on the availability of these food groups (Oakwood 1997) . Diet and food availability can have a strong influence upon mammalian temporal activity patterns (Bartness and Albers 2000). Some very small insectivorous species, such as shrews, require polyphasic activity night and day due to high energetic needs and a diet that is rapidly metabolized (Halle 2006) . Times of low food availability may force some nocturnal mammals to forage outside of their preferred activity periods, such as during the full moon and during the day (Lockard 1978) . However, shifts in activity patterns usually occur within the preferred part of the diel illumination cycle (day or night- Kronfeld-Schor and Dayan 2003) .
Although the spatial organization of mammals is relatively well studied in animal ecology, temporal organization at the diel level has attracted far less attention from researchers. This is probably due to practical constraints in field experiments (Halle and Stenseth 2000) . Further, most previous studies have focused on classifying species into the broad categories of nocturnal, diurnal, or crepuscular (Ashby 1972; Halle and Stenseth 2000) . Recently, technological advances in camera trapping have facilitated studies of the timing of animal activity with reduced effort and greater accuracy (Bridges and Noss 2011), although even this method is not without constraints.
In the present study, we describe the diel activity patterns of 5 species of small mammal co-occurring on an island in northern Australia. The study site offers the opportunity to examine seasonal variation in small mammal activity in an environment with relatively stable temperatures and photoperiod throughout the year. The focal suite of species includes 3 murid rodents and 2 larger marsupials, 1 of which is a potential predator of the murid rodents. Seasonal rainfall, as a driver of fluctuating food resource abundance, probably exerts a strong influence on mammalian activity patterns at the study site. Based on these considerations, we hypothesize that the availability of food is a dominant influence on small mammal activity, and use this hypothesis to make the following predictions: 1) Nocturnal species will become active soon after sunset to replenish energy lost during the day (O 'Farrell 1974; Vieira and Baumgarten 1995) ; 2) Activity related to foraging behavior will occur not long before sunrise, particularly in smaller species, to maintain energy requirements during the day when they (presumably) do not eat; 3) During the wet season, the increased availability of energyrich, rapidly digested food resources such as insects will result in some small mammals displaying multimodal activity patterns; and 4) Conversely, species that can readily utilize more celluloserich material that is retained longer in the digestive system will display more constant activity patterns throughout the night in the dry season to maintain energy intake on a lowerenergy diet.
This is the 1st study to document the activity patterns of these 5 mammal species, further than nocturnality, in the natural environment. Because our primary focus is on activity patterns, we do not present detailed information here on the diets of the study species, but use general accounts of their diets and feeding habits (e.g., Van Dyck and Strahan 2008) .
Materials and Methods
Study site.-The study was conducted on Groote Eylandt, Northern Territory, Australia. This large island (2,378 km 2 ) provides important habitat for several threatened species, largely due to the absence of many exotic vertebrates such as pigs (Sus scrofa), cattle (Bos taurus), buffalo (Bubalus bubalis), donkeys (Equus africanus asinus), horses (Equus ferus caballus), and cane toads (Rhinella marina) that occur on the adjacent mainland. These invasive animals can cause significant habitat degradation as well as depredate or poison native species (Bradshaw et al. 2007 ). Dogs (Canis familiaris) and cats (Felis catus) are present on Groote Eylandt. Cats in particular are suspected drivers of population decline and extinction for numerous small Australian mammals (Dickman 1996) . However, they were not detected frequently enough during this study to analyze their effect on small mammal activity.
Rainfall on the island is strongly seasonal with 95% of the annual precipitation (mean 1,316 mm) falling during the "wet season" from November to April (Fig. 1) . Mean minimum and maximum temperatures are 24°C and 33°C in the wet season and 17°C and 31°C in the dry season (Fig. 1) . There is little variation in day length during the year, with sunrise occurring between 5:51 and 6:48 and sunset between 18:04 and 18:55. The dominant broad habitat type is eucalypt woodland, although a range of other habitat types are present including coastal grasslands, shrublands, mangroves, and closed vine forests.
Focal species.-Our study focused on the most frequently camera-trapped small mammals in the habitats sampled. The northern hopping-mouse (Notomys aquilo) weighs ~30-40 g and is endemic to a small region in northern Australia. N. aquilo is restricted to habitats with a deep, sandy top soil as this is the only suitable substrate for burrow building (Diete et al. 2014 ). This cryptic, and increasingly rare, threatened species is seldom captured with live traps and is best sampled by camera trapping (Diete et al. 2016b) . N. aquilo breeds throughout the year, with more breeding activity recorded in the late wet season (Diete et al. 2016b ). The diet of N. aquilo has not been studied, but captive animals consumed mostly seeds with some green vegetable matter and they did not readily consume invertebrates (Dixon and Huxley 1985) . The delicate mouse (Pseudomys delicatulus) is sympatric with N. aquilo on Groote Eylandt as it also builds burrows in sandy soils (Diete et al. 2015) . This tiny rodent (6-15 g) is mostly granivorous, feeding on the seeds of native grasses (Ford 2008) . From local trapping data, breeding occurs predominantly in the wet season (R. L. Diete, pers. obs.). The grassland melomys (Melomys burtoni) is found in a range of habitats in northern and eastern Australia (Kerle 2008) , weighing approximately 30-50 g on Groote Eylandt (R. L. Diete, pers. obs.). Although it breeds throughout the year, breeding activity for this species increases during the wet season (Kerle 2008) . M. burtoni is more omnivorous than N. aquilo and P. delicatulus, consuming both plant matter and invertebrates (Kerle 2008) .
Groote Eylandt is an important conservation refuge for the northern quoll (D. hallucatus -Dall et al. 2013) , as this species is threatened by a range of impacts, including cane toad poisoning, on the adjacent mainland . D. hallucatus is an opportunistic omnivore, regularly feeding on invertebrates, some fruits, and flowers, and also hunting small vertebrates such as rodents, dasyurids, lizards, and frogs (Oakwood 2008) . This species exhibits semelparity in which all males die shortly after the mating season (Oakwood et al. 2001) . Mating occurs during the dry season, around July, on Groote Eylandt (J. Heiniger, Department of Land Resource Management, pers. comm.). Adult D. hallucatus range in weight from 240 to 1,120 g (Oakwood 2008 ). The northern brown bandicoot (I. macrourus) is also omnivorous, feeding on invertebrates, berries, fungi, and plant fiber, but generally does not prey upon vertebrates (Gordon 2008). In the Northern Territory, breeding occurs from August to April (Gordon 2008). Adult I. macrourus are the largest of the 5 species at 500-3,100 g (Gordon 2008).
Camera trapping.-Camera trapping was conducted across the island from 2012 to 2015 for different but related studies targeting N. aquilo. Detailed methods are outlined in Diete et al. (2016b Diete et al. ( , 2016c . Two broad habitat types were sampled: woodland dominated by Eucalyptus tetrodonta with sandy top soil, and coastal tussock grass and shrubland with sandy top soil. Placement of camera traps usually favored open microhabitats as these were believed to be preferred by N. aquilo. Opportunistic camera trapping was conducted for the purpose of describing the distribution of N. aquilo in 32 locations across the island throughout the duration of the study. Camera-trap models used were Reconyx HC550 (white flash) and HC600 (infrared flash; Reconyx, Holmen, Wisconsin), and Scoutguard 560DF (dual flash) and 565F (white flash; HCO, Norcross, Georgia). These camera traps were set in horizontal orientation, 30 cm from ground level, and baited with sunflower seeds placed 150 cm from the camera trap. Standardized camera trapping occurred bimonthly at 7 sites in 2014 with Reconyx HC550 camera traps. These were set in vertical orientation (facing downward, sampling a ~1-m 2 area) 150 cm from the ground and baited with sesame oil soaked into cotton balls held within a metal tea infuser. Camera traps were set for 2-14 consecutive days in each location and operated 24 h per day. Camera traps were set to take 1 image per trigger when white flash illumination was used and 3 or 5 images per trigger when infrared flash was used, always with no delay between subsequent triggers.
Moonlight has repeatedly been demonstrated to suppress the activity of many free-ranging rodent species (Lockard and Owings 1974; Kotler et al. 1994; Prugh and Golden 2014) . There also is some evidence to suggest that moonlight affects the behavior of N. aquilo specifically, as burrowing behavior of this species was documented most frequently around the new moon (Diete et al. 2014) . As a consequence of these considerations as well as the limited number of camera traps we had access to at any given time, we mostly avoided setting camera traps during periods of the highest moonlight (5 days each side of the full moon). This was to maximize the probability at detecting N. aquilo in the original studies with the resources available. Therefore, moonlight was not analyzed as an influential factor of small mammal activity in this study.
Event definitions.-We use the term "event" to distinguish between independent detections of each species at camera-trap stations. Some investigation was conducted into the optimal event delineators for Groote Eylandt mammals (Diete et al. 2016c ). In the absence of any further information to assist in determining these, the same delineators were used for analysis in the current study. For the rodents, N. aquilo, P. delicatulus, and M. burtoni, images of the same species more than 5 min apart were counted as discrete events. For the larger species, I. macrourus and D. hallucatus, the interval was increased to 15 min, as per observations by Diete et al. (2016c) . Due to the large size of the data set and to reduce the risk of human error, counting of events was automated in Microsoft Excel. Subsequently, multiple individuals of the same species and images that could potentially be identified as different individuals of the same species within the event period were ignored. Perusal of our data set indicated that the instances where this occurred were few and their addition would not have affected the results.
Data analysis.-Images were given a unique name based on site, camera-trap station, and the image number automatically generated by each camera trap using ReNamer Lite 6.3 (Kozlov 2015). Images were tagged with the species present using ExifPro 2.1 (Kowalski 2013) . Image names, species tags, and date and time data were then exported to Excel where events were counted based on the above definitions.
We used the Overlap package (Meredith and Ridout 2014) in R (R Core Team 2015), which was developed specifically for the visualization and analysis of activity patterns from cameratrap data. Activity patterns were constructed using kernel density estimates which, in this context, describe the probability of a camera-trap event occurring at any given time (Linkie and Ridout 2011) . We then followed the procedure developed by Ridout and Linkie (2009) to determine the overlap coefficient between activity patterns of different variables. When fewer than 20 events were accumulated for a particular species and variable, they were not included in the analysis. M. burtoni was recorded almost entirely within coastal grassland in the dry season; therefore, for this species, we constructed activity patterns for only this particular habitat and season. I. macrourus, D. hallucatus, and N. aquilo were detected primarily in sandy woodland; therefore, wet and dry season comparisons were conducted for these species only in this habitat. P. delicatulus returned the highest number of events, although it was much more abundant in coastal grassland. For this species, we compared overall activity patterns for coastal grassland and sandy woodland as well as seasonal comparisons in both habitat types. Two nonparametric estimators of the overlap coefficient were used based on the study by Ridout and Linkie (2009) . The ∆ 1 estimator was used when the number of events was less than 50 and estimator ∆ 4 was used for the remaining comparisons. Confidence intervals were generated using the basic0 estimation for 10,000 bootstrapped samples, as recommended by Meredith and Ridout (2014) .
For the purpose of detecting differences in the shape of the distribution of activity patterns, such data are usually treated as circular with an arbitrary start and end point. As our focal species were strictly nocturnal, there was no need to treat the data as circular and we set the beginning of each 24-h period at midday instead of the usual midnight. Times for any camera-trap event are thus expressed as the number of hours from the previous noon. Using these converted data, we performed 2-sample Kolmogorov-Smirnov tests to determine if the distributions of 2 sets of activity patterns differed significantly.
Ethics statement.-Animals were not handled or interfered with in the course of this study and the methods employed conform to the American Society of Mammalogists' guidelines for animal research (Sikes 2016 
results
Over a 3-year period, approximately 27,000 images of animals were collected from 2,246 camera-trap nights. Of these, 20,217 images captured 1 or more of the 5 focal species and the remainder mostly contained macropods, birds, lizards, and a very small number (< 15 detections each) of cats and dogs. Images of the focal species totaled 4,283 independent events. No photographs of the focal species contained any daylight, confirming that all 5 species are strictly nocturnal in the habitats we sampled.
Dasyurus hallucatus exhibited a distinctly bimodal pattern of activity with peaks at around 20:00 and 04:00 and a lull in activity at around midnight (Fig. 2a) . This bimodality was slightly more pronounced in the wet season. There was a large amount of overlap between the wet and dry season and the change in distribution was not significant (Table 1) . I. macrourus also showed much overlap in activity between the wet and dry seasons; however, the distribution of activity differed significantly between them (Table 1 ). In the dry season, activity was unimodal, peaking around 23:00-01:00, whereas in the wet season, activity became bimodal with peaks at 19:00 and 04:00 (Fig. 2b) . The estimated activity pattern for N. aquilo comprised 3 minor peaks in both seasons (Fig. 2c) . In the dry season, the activity peaks 2 h after sunset and before sunrise were the most pronounced, whereas wet season activity was more uniform; however, this seasonal difference was not significant (Table 1) .
Pseudomys delicatulus displayed the highest amount of variation in activity pattern with moderate overlap coefficients and significant differences in the distribution of activity dependent on both season and habitat (Table 1 ). In sandy woodland habitat, activity was highest in the latter half of the night and this trend was much stronger in the dry season than in the wet (Fig. 2d) . In coastal grassland habitat, activity was higher in the 1st half of the night in the dry season, whereas the opposite was true in the wet season; however, peaks in activity occurred shortly after dark in both seasons (Fig. 2e) . When overall activity was compared between the 2 habitat types, a more even distribution was displayed in the coastal grassland compared to the woodland where the latter half of the night was preferred (Fig. 2f) . M. burtoni was sampled only in coastal grassland in the dry season. This species showed a strong peak of activity soon after sunset which tapered off sharply with low levels of activity throughout the rest of the night (Fig. 2g) .
discussion
The predictions that small mammals would begin daily activity soon after sunset and continue activity close to dawn were observed in all species, although there were discrepancies for P. delicatulus depending on habitat type. Additionally, season clearly drove moderate shifts in activity for I. macrourus and P. delicatulus, but not D. hallucatus or N. aquilo. Too few M. burtoni were detected in the wet season to determine seasonal differences for this species.
Abiotic conditions associated with climate are important influences on the activity patterns of mammals (Ashby 1972; Roll et al. 2006; Bennie et al. 2014) . Small species can have difficulty with thermoregulation in extremely hot or cold temperatures and, therefore, may shift daily timing of activity to periods more suitable to their physiology (Roll et al. 2006; Pita et al. 2011; Shuai et al. 2014) . Likewise, small mammals can adapt their activity patterns to respond to seasonal changes in photoperiod (Paise and Vieira 2006; Larrucea and Brussard 2009) . However, detailed studies on the diel activity patterns of small mammals in tropical environments, with little variation in temperature and photoperiod, are scant. Rainfall is possibly the abiotic factor with the strongest seasonal change on Groote Eylandt (Fig. 1) . This drives seasonal changes in plant growth and invertebrate abundance, resulting in large, seasonal variation in food availability for small mammals (Dunlop and Webb 1991; Woinarski et al. 2005) . As diet-switching and changes in activity patterns are proposed mechanisms for vertebrates to respond to this system of fluctuating resources (Woinarski et al. 2005) , we predicted that some of our focal species would display marked changes in activity patterns between the wet and dry seasons.
In laboratory experiments, Kennedy et al. (1995) demonstrated that food availability influenced the activity patterns of I. macrourus, although the species remained entrained to nocturnality when feeding was restricted to during the day. Gott (1996) observed large seasonal differences in insect abundance between summer and winter at her study site and determined that the diet of I. macrourus changes accordingly to utilize food items that are of higher availability. McClelland et al. (1999) investigated the physiology of this flexible digestive strategy, demonstrating that the species can completely compensate for a lower-energy, high-fiber diet by greatly increasing the volume of food ingested. It follows that during periods of lower insect abundance, such as the dry season in the monsoonal tropics, I. macrourus would display a more sustained activity period throughout the night to maintain energy intake. This likely explains the significant change in the nightly distribution of activity of this species between the seasons in our study (Table 1 ). In the wet season, activity peaked sharply after nightfall, which probably reflects a feeding bout on abundant insects, before a lull in activity in the middle of the night (Fig. 2b) . The 2nd peak of activity before dawn may indicate that the species undergoes a second feeding bout later in the night to maintain energy during the inactive day time period.
As D. hallucatus is also an opportunistic omnivore that shows some dietary plasticity in response to resource availability (Oakwood 1997) , we expected that there would be a degree of change in activity patterns between the seasons for this species. However, D. hallucatus displayed a high level of fixity between the wet and dry seasons at our study site ( Fig. 2a ; Table 1 ). The explanation for this may be in the lower degree of dietary plasticity possible for D. hallucatus compared to that of I. macrourus. The genus Dasyurus contains 4 species that range in predatory behavior from mostly insectivory in the smaller species, to mostly vertebrate predation in the largest species (Hume 1999). Therefore, the anatomy and physiology of the digestive system of D. hallucatus may be evolutionarily constrained in the degree of plant material it can digest. Although this species is known to opportunistically feed upon fruit and flowers (Oakwood 2008) , invertebrates possibly form a large part of the diet during both seasons on Groote Eylandt. As this food source is high in energy and rapidly digested (Hume 1999), 2 main feeding periods may occur each night allowing for a rest period in between. Similar to our results, the diel activity patterns of the eastern quoll (Dasyurus viverrinus) and Tasmanian devil (Sarcophilus harrisii) were not affected by season, even during extreme winter conditions (Jones et al. 1997) .
In smaller mammals, high metabolic rates are a limiting factor on the daily distribution of activity (Ashby 1972) . Because of this, we expected sustained activity throughout the night for the rodents, including peaks of activity soon after dark to replenish energy lost during the day (O 'Farrell 1974; Vieira and Baumgarten 1995) . Although this was evident for all species in some of our results, the effect was not consistent for all seasons and habitats. The effect of season on activity patterns is less easily explained for the rodents in our study than for the larger marsupials. Dietary flexibility in N. aquilo and P. delicatulus is not well understood, although it is unlikely that either species utilizes invertebrates as an important food source (Dixon and Huxley 1985; Ford 2008) . N. aquilo may consume green vegetation (Dixon and Huxley 1985) and, therefore, may benefit from the increased growth of grasses and shrubs during the wet season in northern Australia (Dunlop and Webb 1991) . However, any potential change in food availability between the seasons resulted in no significant differences in the distribution of activity for this species (Table 1) . N. aquilo displayed 3 weak peaks of activity in both seasons, with those closest to dusk and dawn in the dry season the most pronounced (Fig. 2c) . This fairly uniform pattern of nightly activity is likely the result of the high energetic needs of small mammals that require a sustained foraging effort, particularly those that consume highfiber plant foods (Ashby 1972) . The very small P. delicatulus displayed high levels of plasticity in the patterns of activity observed in this study. Contrary to our predictions, the latter half of the night was preferred in the woodland habitat, with this pattern strongest in the dry season (Fig. 2d ). There are 2 hypotheses that may possibly explain this result: predation pressure and interspecific competition. P. delicatulus and N. aquilo both inhabit sandy woodland on Groote Eylandt. However, the abundance and distribution of N. aquilo on the island have greatly diminished in recent times (Diete et al. 2016b) , and most records of P. delicatulus in woodland habitat were from areas where no other rodents were detected. Further, the differential use of microhabitat between these species likely facilitates spatial segregation, reducing the importance of temporal partitioning as a means of coexistence (Schoener 1974) . The quadrupedal P. delicatulus likely selects more sheltered microhabitats, whereas the bipedal N. aquilo shows preference for open microhabitats (Diete et al. 2016b) .
It is speculated that quadrupedal rodents are less adept at predator avoidance compared to bipedal species in open habitats where vegetation does not constrain rapid bipedal locomotion (Kotler and Brown 1988; Murray and Dickman 1994) . If P. delicatulus experiences higher risk of predation than N. aquilo in some habitat types, it is possible that this species avoids predators temporally as well as spatially. Large changes in activity patterns in response to different predation levels have been demonstrated for small terrestrial mammals. In a captive study, voles switched from ultradian (day and night) activity to predominantly nocturnal activity after the introduction of a diurnal mustelid predator (Eccard et al. 2008) . Sale and Arnould (2009) explained that the nocturnality of Antechinus swainsonii on an island, which contrasted with the adjacent mainland population, was likely due to the elevated predation risk from diurnal raptors on the island. The woodland habitat on Groote Eylandt is likely inhabited by higher abundance of potential predators of rodents, including D. hallucatus, masked owl (Tyto novaehollandiae), tawny frogmouth (Podargus strigoides), and ghost bat (Macroderma gigas). Tawny frogmouths and ghost bats have been observed preying upon P. delicatulus in pitfall traps at the study site (Diete et al. 2016a) . Mice that delay their activity until these predators become sated may reduce their predation risk. Conversely, it is possibly advantageous to forage early in the evening in coastal grassland habitat before volant, woodland-dwelling predators have time to reach these areas to hunt. This may contribute to the initial peaks of activity in this habitat for both P. delicatulus and M. burtoni. Further, predation risk to rodents may be reduced in the wet season due to rain and cloud cover that reduce visibility for predators that rely on sight for hunting (Stokes et al. 2001 ). The shorter foraging period for P. delicatulus in the woodland in the dry season may be due to individuals synchronizing activity to spread predation risk (Stokes et al. 2001 ). This may be more important for this species in woodland, as their abundance is much lower in this habitat type than in coastal grassland on Groote Eylandt where they are highly abundant (R. L. Diete, pers. obs.) .
Temporal segregation between competing rodents possibly played a role in shaping activity patterns in the grassland. In this habitat, P. delicatulus remains active throughout the night (Fig. 2e) and its high abundance may compel M. burtoni to forage as early as possible after sunset before resources are depleted. There were no detections of M. burtoni in coastal grassland in the wet season at all. This may indicate that this species undergoes seasonal shifts in spatial activity into forests fringing the coastal area, which would be facilitated by its omnivorous diet (Kerle 2008) .
Our study had some limitations that restrict our ability to conclusively explain our results. While seasonal increases of plant growth and insect abundance were observed by us, and supported by literature on the region, food availability for particular species was not measured. This was further complicated by poor ecological and dietary knowledge in the literature of most of our focal species. Camera trapping is a useful technology in studies of animal activity as it provides precise records of the timing of detection; however, the method does have constraints. Activity is only measured when animals encounter static camera-trap stations and no information of activity away from the camera traps (e.g., in or near burrows) is measured. As for all the focal species in this study, D. hallucatus was recorded as active only during periods of full darkness, even though this species, unlike the others, is known occasionally to be active during the day (Oakwood 2008) . Anecdotally, we did directly observe some daytime activity of this species in rocky coastal areas, a habitat not sampled with camera traps in this study. It is possible that some daytime activity of the focal species was missed by the camera traps due to periodic overlap between ambient temperature and animal body temperature (Meek et al. 2012) . However, the number of photographs missed is likely to be very few, if any, as we did get many photographs of diurnal macropods, birds, and lizards.
The effect of moonlight also was not analyzed in this study as we had little data from full moon periods and nightly illumination was not measured. Nightly illumination would be heavily influenced by the seasons due to cloud cover and is likely more important than lunar cycle in its effect on small mammal activity (O 'Farrell 1974) . Future studies on the effect of moonlight and other types of illumination on these species would be useful. As our study provided only correlational evidence to interpret our results, further research is required to critically determine the effects of factors such as food abundance, predator activity, and competition with manipulative experiments. Multiple factors are likely to be influencing small mammal activity at our study site as mechanisms that shape the temporal niche of animals are complicated by interacting biotic and abiotic factors that affect energy use, survival, and reproduction (Hut et al. 2012) .
Our results clearly demonstrate that some small mammals in a wet-dry tropical environment, such as D. hallucatus and N. aquilo, conform to a dedicated pattern of activity in both seasons, whereas others, such as P. delicatulus and I. macrourus, exhibit plasticity that can be influenced by factors such as season and habitat. Seasonal shifting of temporal activity for species such as I. macrourus may be a result of dietary flexibility that responds to temporal resource availability. Significant differences between the activity patterns of P. delicatulus in different habitats may indicate that this species is influenced more by predator activity. Our study offers insight into the diel activity patterns of a suite of small mammals that had not previously been investigated. The large sample sizes presented here should reduce bias that can arise from atypical behavior from a small number of individuals (Stokes et al. 2001) . This study could be valuable to ecologists for improving the timing of spotlighting or live-trapping surveys, and to other biologists for understanding the foraging behavior, predator mitigation strategies, and general ecology of these species. In particular, the study of nocturnalism and activity patterns is entering a new paradigm with the advent of better survey tools, such as camera traps, and the refinement of sensory brain tissue analysis (L. Smale, Michigan State University, pers. comm.).
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